Could Epac Modulate Ca2+ Handling At Different Intramyocyte Microdomains?  by Ruiz-Hurtado, Gema et al.
80a Sunday, March 6, 2011431-Pos Board B231
Unveiling a Multiprotein Complex Involved in Excitation-Transcription
Coupling in Skeletal Muscle
Sonja Buvinic, Gonzalo Almarza, Denisse Valladares, Enrique Jaimovich.
Electrical activity regulates the expression of skeletal muscle genes by a process
known as ‘‘excitation-transcription’’ (E-T) coupling. We have demonstrated
that ATP and its metabolites released during depolarization activate membrane
P2X/P2Y receptors and behave as fundamental mediators between electrical
stimulation, slow intracellular calcium transients and gene expression. We pro-
pose that this signaling pathway would require the proper coordination between
the voltage sensor (dihydropyridine receptor, DHPR), pannexin hemichanel
(ATP release conduit), nucleotide receptors, and several signal transduction
molecules. The goal of this study was to assess protein interactions between
the E-T machinery in skeletal muscle, in order to unveil a putative signaling
complex.
Co-immunoprecipitation of the selected proteins was achieved in extracts of
newborn rat derived myotubes, and in rat and mouse adult muscle triad-en-
riched fractions. Protein components of multiprotein complexes were isolated
using blue native SDS/PAGE. Immunofluorescence assays were performed in
isolated fibers derived from mice adult muscles.
DHPR, P2Y2 receptor, Panexin 1, phospholipase Cg1 and dystrophin, all co-
immunoprecipitated in a crossed manner in the different preparations assessed.
DHPR, pannexin-1, P2Y2 and P2X7 did show a striated pattern of distribution
by immunofluorescence, possibly representing location at the T-tubules in adult
skeletal fibers. Using blue-native SDS/PAGE we detected that, in adult muscle
triads, DHPR is an integral part of large multiprotein complexes of various
sizes and we are currently looking for novel actors within these complexes us-
ing MALDI-TOF mass spectrometry.
Several proteins involved in the E-T coupling process appear to interact in skel-
etal muscle T-tubules, suggesting that a signaling complex other than that in-
volved in E-C coupling is present.
FONDAP 15010006; AFM 14562, Conicyt 79090021, Fondecyt 11100454.
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P21-Activated Kinase-1 and Fty720 Alter Atrial Excitation-Contraction
Coupling
Katherine A. Sheehan, Yunbo Ke, Kathrin Banach, R. John Solaro.
We previously reported that Pak1 participates in the integrated regulation of ex-
citation-contraction coupling (e-cc) in adult rat ventricular myocytes via acti-
vation of protein phosphatase 2A (PP2A). Pak1 inhibited the ability of
isoproterenol (ISO) to increase the peak of the Ca2þ transient in a single my-
ocyte without altering the increase in shortening. Here we test the hypothesis
that Pak1 signaling regulates atrial e-cc and potentiates arrhythmicity. Under
normal conditions single adult rat atrial myocytes expressing constitutively
active Pak1 (CA-Pak1) and paced at 0.5 Hz have a slower time constant of
[Ca2þ ]i-transient decay compared to uninfected controls as assessed by con-
focal microscopy and fluo-4 fluorescence. Increase of the pacing frequency to
2.0 Hz resulted in a reduced peak of the [Ca2þ ]i-transient, an increase in di-
astolic [Ca2þ ]I, and more rapid [Ca2þ ]i decay compared to 0.5 Hz for both
CA-Pak1 expressing myocytes and controls. Return to 0.5 Hz pacing restored
these values to near controls, with some extra-systolic Ca2þ release. Stimula-
tion with ISO (100 nM) of CA-Pak1-expressing myocytes paced at 3.0 Hz
caused 20% missed beats that were subsequently restored on washout. Unin-
fected myocytes paced at 2.0 Hz in the presence of ISO had 1:1 fidelity of beat-
ing to stimulation, however treatment with fingolimod (FTY720, 25 nM) in
addition to ISO caused 50% missed beats that were restored on washout of
the drug. Cultured monolayers of rat neonatal myocytes expressing CA-Pak1
had a more rapid rate of spontaneous beating than controls that was resistant
to further increase with ISO, as assessed by microelectrode array (MEA).
We conclude that Pak1 and FTY720 act through the same pathways in atrial
myocytes and induce arrhythmic activity under conditions of stress.
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Identification of a Chemical Supressor of Cardiac Arrhythmia Induced by
Aberrant Calcium Homeostasis
Johann Schredelseker, Jie Huang, Adam Langenbacher, Kui Lu,
Ohyun Kwon, Joshua I. Goldhaber, Jau-Nian Chen.
Ca2þ homeostasis is essential for rhythmic contractions of the adult myocar-
dium. In the developing embryo, a role of Ca2þ in establishing cardiac rhyth-
micity has been proposed, but the underlying mechanism has yet to be fully
explored. We have previously shown that zebrafish tremblor mutant embryos
develop a fibrillating heart and that the tremblor locus encodes a cardiac-spe-
cific isoform of the Naþ/Ca2þ exchanger, NCX1h. While rhythmic Ca2þ waves
were detected with each cardiac contraction in wild type hearts, only local, un-
synchronized Ca2þ signals together with sporadic contractions were observedin tremblor hearts. These data suggest that loss of function of NCX1h induces
cardiac fibrillation in tremblor and that tremblor mutants can serve as a model
for cardiac arrhythmia induced by aberrant calcium homeostasis.
From a collection of small molecules, we found a novel compound, OK-F7, that
could restore rhythmic cardiac contractions in tremblor embryos at low micro-
molar concentrations in a reversible and dosage-dependent manner. We tested
the effect of OK-F7 on isolated cardiomyocytes under Ca2þ overload condi-
tions and found that treatment with 1 mMOK-F7 reduces the frequency of spon-
taneously propagating Ca2þ waves by approximately half, while 25 mMOK-F7
almost entirely abolishes Ca2þ waves. A biochemical pull-down assay using an
OK-F7 affinity column isolated a mitochondrial membrane protein that selec-
tively bound to OK-F7. These findings suggest that OK-F7 suppresses cardiac
fibrillation by reducing the frequency of arrhythmogenic Ca2þ waves in Ca2þ-
overloaded cardiomyocytes and indicate a novel role of mitochondria in cardiac
Ca2þ handling and control of rhythmicity. Further validation of the target pro-
tein and biophysical experiments confirming a role of mitochondria in the
mechanism of OK-F7 action are underway and will be discussed.
Supported by NIH-1R01HL096980-01A1 and FWF-J3065-B11.
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Beta-Adrenergic Activation Enhances Histone Deacetylase 4 nuclear
Localization via Pka and Counters Camkii-Dependent Effects in Adult
Rabbit Cardiac Myocytes
Kathryn G. Helmstadter, Jeffrey R. Erickson, Khanha Dao, Julie Bossuyt,
Donald M. Bers.
Nuclear localization of histone deacetylase 4 (HDAC4), that represses tran-
scription and possibly heart failure by suppressing the transcription factor
MEF2, is dependent upon its phosphorylation status. Phosphorylation at three
key serines can trigger the nuclear export of HDAC4, while dephosphoryla-
tion results in nuclear accumulation. HDAC4 is known to bind CaMKII and
phosphorylation by this kinase facilitates nuclear export. A probable PKA
phosphorylation site has been identified, suggesting the hypothesis that
HDAC4 localization is modulated by both CaMKII and PKA. We tested
whether B-adrenergic-induced PKA activity alters HDAC4 localization in
adult rabbit ventricular myocytes using confocal imaging and GFP-tagged
HDAC4. At baseline, the nuclear to cytosolic ratio of HDAC4 (Nuc/Cyto)
was 2.195.04 (n=638). Myocytes treated with 1mM isoproterenol (Iso) had
a 5858% increase in HDAC4 Nuc/Cyto compared to baseline (n=123). Ac-
tivation of adenylyl cyclase via forskolin (10mM) produced a similar 5055%
increase in Nuc/Cyto ratio (n=107). CaMKII inhibition at rest with 1mM KN-
93 also raised the Nuc/Cyto by 4056% (n=99), whereas PKA inhibition
(2 mM H-89) did not alter baseline HDAC4 localization (n=91). Conversely,
phosphatase inhibition (1 mM okadaic acid) decreased basal Nuc/Cyto by
5755% (n=97). Thus, baseline CaMKII activity limits the degree of nuclear
HDAC4 localization, and preventing HDAC4 dephosphorylation exacerbates
this. Furthermore, B-adrenergic activation causes HDAC4 nuclear import
via PKA (vs other cAMP or B-adrenergic signaling). In conclusion, while
CaMKII activates HDAC4 nuclear export, B-adrenergic signaling via PKA fa-
vors nuclear retention/import and transcriptional repression in cardiac hyper-
trophic signaling.
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Could Epac Modulate Ca2þHandling At Different Intramyocyte Microdo-
mains?
Gema Ruiz-Hurtado, Laetitia Pereira, Frank Lezoualc’h, Ana Maria Gomez.
The universal second messenger 3’,5’-cyclic adenosine monophosphate
(cAMP) has been considered for many years the main regulator of several cel-
lular physiopathological process uniquely via protein kinase A (PKA) activa-
tion. However, in the last years the discovery of a new sensor for cAMP
named Epac (exchange protein directly activated by cAMP) has profoundly
changed this cAMP-PKA dogma. In this sense, Epac is able to modulate
Ca2þ handling and induce hypertrophy independently of PKA in cardiomyo-
cytes. Epac has been immunolocalized in the cytosol and the perinuclear
area in cardiac myocytes infected with Epac1 adenovirus. In fact, several evi-
dences point that physiological functions of Epac may be profoundly linked to
its specific intracellular localization and the proximity with its molecular part-
ners. We analyzed endogenous Epac localization by immunolabeling in adult
cardiomyocytes and found a preferential perinuclear localization. Then we an-
alyzed Epac actions on Ca2þ handling at different subcellular microdomains
(cytosol and nucleus) in isolated rat ventricular myocytes. To simultaneously
and separately analyze Epac effects on intracellular and intranuclear Ca2þ con-
centration ([Ca2þ]i and [Ca2þ]n respectively), fluo-3 loaded adult ventricular
myocytes field-stimulated at 1 Hz were subjected to line scan imaging through
the nucleus. Epac was activated by 10 mM 8-p-CPT (specific Epac activator) in
the absence or presence of various antagonists. We observed that unlike the
Sunday, March 6, 2011 81aaction of Epac on the global [Ca2þ]i transient, Epac induced marked increase
of [Ca2þ]n. These effects were abolished by knocking down Epac1 expression
(adenovirus ShEpac1 infection), indicating that the 8-p-CPT effects involved
Epac1 activation. Moreover, the Epac-dependent effects on Ca2þ handling
were prevented by the calmodulin kinase type II inhibitor, KN93, and the ino-
sitol triphosphate receptor blocker, 2APB. We conclude that Epac effects on
Ca2þ handling are compartmentalized.
436-Pos Board B236
Isoflurane IncreasesMitochondrial Free Ca2þ by Enhancing Transport via
the Ca2þ Uniporter Independent of DJm
Bhawana Agarwal1, Amadou K.S. Camara2, David F. Stowe2,
Zeljko J. Bosnjak2, Daniel A. Beard1, and Ranjan K. Dash1.
1Physiology, 2Anesthesiology, Medical College of Wisconsin, Milwaukee, WI
Modulation of mitochondrial free Ca2þ (m[Ca2þ]) is implicated as one of the
possible upstream factors that initiates anesthetic-mediated cardioprotection
against ischemia-reperfusion (IR) injury. To help unravel the mechanisms by
which volatile anesthetics modulate m[Ca2þ], experiments were conducted to
spectrofluorometrically measure dose-dependent effects of isoflurane (0.5-2 mM)
on the time courses of mitochondrial bioenergetics (NADH redox state, respi-
ration, and DJm) and Ca
2þ uptake into the matrix. Isolated mitochondria from
rat hearts were energized with 10 mM pyruvate/malate (state 2); this was fol-
lowed by sequentially adding isoflurane (0.5 to 2 mM), 0.5 mM CaCl2 (with
1 mM EGTA in the buffer),and 250 mM ADP (state 3). The data showed
that: (a) isoflurane dose-dependently increased m[Ca2þ] in state 2 in spite
of a slight DJm depolarization, (b) isoflurane increased the duration of state
3 respiration as well as the duration of the ADP-induced rise in m[Ca2þ],
and (c) isoflurane decreased state 3 NADH oxidation (i.e., increased NADH
level compared to control). These data indicate the possible roles of isoflurane
(1) to modulate m[Ca2þ] by directly activating the Ca2þ uniporter, independent
of DJm, (2) to decrease the rate of ADP phosphorylation while prolonging
the duration of state 3 respiration (possibly by inhibiting complex I), and (3)
to prolong the duration of ADP-induced increase in m[Ca2þ] response during
state 3 because of reduced electron flux and slower ADP phosphorylation.
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Assesment of an Oxidant-Based Strategy to Target Cancer Cells
Tetyana I. Zhelay, Shadi Zahedi, David R. Giovannucci.
Many cancer cell lines concentrate vitamin C, and in combination with vitamin
K3 generate a redox-cycling that induces over-production of ROS, thus this
treatment provides an oxidant challenge to cancer cells that spares non-cancer
cells (Verrax et al, 2009). Because mitochondria are targets of oxidative dam-
age by ROS, Vit K3/C treatment was predicted to induce mitochondrial dys-
function, subsequent Ca2þ homeostasis dysregulation and cell death.
However, effectiveness of this treatment for breast and neuroendocrine cancer
cell lines has not been investigated. Thus, we compared mitochondrial function,
Ca2þ dynamics and cell viability prior to and following Vit K3/C treatment in
human neuroendocrine and breast cancer cell lines. Ca2þ-, cm- and ROS-sen-
sitive dyes were used to measure mitochondrial mass, energy state and changes
Ca2þ dynamics. This study indicated that mitochondrial membrane potential
was reduced in both carcinoid and breast cancer cell lines after VitK3/C treat-
ment. Mitochondrial superoxide levels were significantly increased only in
breast cancer cell lines after VitK3/C treatment and were correlated with cell
death. In contrast, mitochondrial dysregulation was more effective at altering
Ca2þ signaling in neuroendocrine than in breast cancer cell lines. Treatment
with Vit K3/C significantly reduced Ca2þ entry and diminished the frequency
and maintenance of Ca2þ oscillations. Although Vit K3/C treatment was found
to be generally toxic to both breast and neuroendocrine cancer cell lines, it was
less effective at inducing cell death in neuroendocrine cancer cells. Thus, these
data indicate that the oxidative treatment regimen may not be universally effec-
tive for all types of cancers. Moreover, the mechanism of toxicity appears to be
associated with a direct oxidant challenge to mitochondria. Further study will
determine if this treatment approach alone or in combination with other thera-
pies will be a useful strategy to combat cancer in patients.
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Abnormal Sodium Handling and Mitochondrial Metabolism in Cardiac
Dystrophy
Eva Pola´kova´, Natalia Shirokova.
Lack of dystrophin in striated muscle results in the activation of several stretch-
induced transplasmalemmal ion influx pathways. Recently we demonstrated
that mechanical challenges produce substantial inward currents in dystrophic
(mdx) but not in WT cardiomyocytes. We also detected a significant increase
in cytosolic [Naþ] following stretch in mdx cells. We suggested that beat-to-
beat mechanical activity of dystrophic heart might lead to accumulation of
Naþ inside the cardiomyocytes (Naþ overload). Here we measured resting[Naþ]i in mdx and WT cells using the ratiometric Na
þ indicator SBFI. The av-
eraged value of [Naþ]i was indeed significantly greater in mdx than in WT my-
ocytes (24.2 5 3.1, n=13 vs. 14.0 5 1.7 mM, n=9). Naþ overload can have
a profound effect on cellular functions. E.g. it can change the reversal potential
of NCXsl, reducing its ability to remove Ca
2þ. This is in agreement with our
recent report that the reverse mode of NCXsl contributes to cytosolic Ca
2þ
overload following mechanical stress, despite little change in the resting poten-
tial. Elevated [Naþ]i can also eventually affect mitochondrial metabolism as it
could enhance Ca2þ extrusion from the mitochondria via NCXmt. Therefore we
measured NADH autofluorescence. Maximal oxidation of NADH by FCCP/oli-
gomycin was taken as 0% reduced NADH, whereas maximal reduction by ro-
tenone and b-hydroxy-butyrate was defined as 100% reduced NADH. The
averaged values show that mitochondrial matrix is significantly more oxidized
in resting mdx myocytes compared with WT cells (35%53.1, n=27 vs. 535
5.2 %, NADH reduction n=10). The oxidation of mitochondrial matrix can con-
tribute to the cellular oxidative stress and favor the opening of mPTP and cell
death -observations that we previously reported for dystrophic cardiomyocytes.
Taken together, our findings suggest that elevated [Naþ]i may contribute to the
development of dystrophic cardiomyopathy.
439-Pos Board B239
Nadph Oxidase-Stimulated Mitochondrial Radical Release Contributes
to Arrhythmic Toxicity of Cardiac Glycosides by Redox Modification
of Ryanodine Receptor
Hsiang-Ting Ho, Sarah C. Stevens, Radmila Terentyeva, Dmitry Terentyev,
Sandor Gyorke.
The therapeutic utility of cardiac glycosides (CGs), agents commonly used in
treating heart failure (HF), is limited by arrhythmic toxicity. The adverse ef-
fects of CGs have been attributed to excessive accumulation of intracellular
Ca resulting from inhibition of Naþ/Kþ-ATPase ion transport activity. How-
ever, CGs are also known to increase intracellular reactive oxygen species
(ROS), which could contribute to arrhythmogenesis through redox modification
of cardiac ryanodine receptors (RyR2s). Here we sought to determine whether
modification of RyR2s by ROS contributes to CG-dependent arrhythmogenesis
and define the relevant signaling pathways. In isolated rat ventricular myocytes,
the CG, digitoxin (DGT), increased the incidents of arrhythmogenic spontane-
ous Ca waves, decreased the sarcoplasmic reticulum (SR) Ca load, and in-
creased both ROS and RyR2 thiol oxidation. Additionally, pretreatment with
DGT increased spark frequency for a given SR Ca load in permeabilized my-
ocytes. These effects on Ca waves and sparks were prevented by the antioxidant
2-mercaptopropionylglycine. The CG-dependent increases in ROS, RyR2 oxi-
dation and arrhythmogenic propensity were prevented by inhibition of NADPH
oxidase and of mitochondrial ATP-dependent Kþ channels but not by inhibi-
tion of xanthine oxidase. Additionally, the frequency of DGT-dependent Ca
waves was blunted by inhibition of the upstream of NADPH oxidase intracel-
lular ROS signaling components: Src kinase, PI3K, and PKC. These results
suggest that the arrhythmogenic adverse effects of CGs involve alterations in
RyR2 function caused by oxidative changes in the channel structure by ROS.
The CG-dependent increase in ROS may be mediated by stimulation of
NADPH oxidase, via Src kinase and PI3K activation, resulting in mitochondrial
radical release.
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Actions of the NAADP Antagonist Trans-Ned19 in Cardiac Ventricular
Myocytes
Laura Elson, Grant Churchill, Derek A. Terrar, Stevan Rakovic.
Nicotinic acid adenine dinucleotide phosphate (NAADP) is a substance that
promotes calcium release from acidic intracellular calcium stores and exerts ef-
fects on calcium transients and contractions in guinea-pig ventricular myo-
cytes. A structural analogue of NAADP, termed NED19, acts as an
antagonist of NAADP in cell homogenates from sea-urchin eggs. The aim of
the present study was to investigate actions of NED19 (using the trans optical
isomer) on ventricular myocytes isolated from guinea-pig hearts.
Trans-NED19 (1 mM, 5 min exposure) was without significant effect on L-type
calcium currents over the range 30 to þ60 mV (switched voltage-clamp, step
depolarizations from 40 mV). The acetoxymethylester of NAADP (NAADP-
AM) was applied to ventricular myocytes with the aim of allowing permeation
of NAADP-AM across the cell membrane followed by accumulation of cyto-
solic NAADP after de-esterification of NAADP-AM by intracellular esterases.
NAADP-AM (60 nM) increased myocyte contraction by approximately 40%
(n=10, field stimulation at 1 Hz). This effect of NAADP-AMwas no longer ob-
served in myocytes exposed to trans-NED19 (1 mM), consistent with an antag-
onist effect of trans-NED19 preventing the effects of cytosolic NAADP.
Exposure of myocytes to trans-NED19 (1 mM) alone significantly reduced con-
traction by 17þ/- 4%, a reduction which is similar to the 20þ/- 4% previously
